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1 .  INTRODUCTION 


A  recent  Air  Force  Weapons  Laboratory  tAFWL)  document.  Electronic 
Component  Modeling  and  Testing  Program,  AFWL-TR-78-62  Pt.1  (March  1980), 
contains  a  new  model  for  predicting  bipolar  transistor  and  diode  failure 
for  reverse  junction  bias.  This  paper  examines  the  capability  of  this 
model  using  as  a  baseline  a  library  of  experimental  dcimage  data  for 
devices  from  the  front  ends  of  an  array  of  Army  tactical  multichannel 
radios. 


2.  EXAMINATION 

The  new  model  is  implemented  as  follows : 

(1)  Calculate  doping  concentration  from  room  temperature  brealcdown 
voltage: 


Np  =  4.49  X 


where 

Np  =  doping  concentration  on  lightly  doped  side  of  junction 
(inverse  cubic  centimeters), 

Vgp  =  room  temperature  brea)tdown  voltage  (volts). 

(2)  Calculate  brea)«down  voltage  at  critical  failure  temperature: 


VbdC  =  "  1012n;0-67 


where 


V, 


BDC 


=  brealidown  voltage  at  critical  failure  temperature 
(volts) . 


(3)  Calculate  space  charge  resistivity: 


Pgj,  =  2.48  X  1025n”1'8 
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where 


Pgj,  =  space  charge  resistivity  (ohm-square  centimeters)  . 

(4)  Calculate  bulk  resistivity; 

PbLK  =  3-61  ^ 

where 

Pblk  =  bulk  resistivity  (ohm-square  centimeters). 

(5)  Calculate  failure  current  density  at  100  ns; 
Emitter-to-base  junction: 

Jp  =  3.84  X 


where 

=  failure  current  density  at  100  ns  ( amperes/ square 
centimeter) . 

Collector-to-base  or  diode  junction: 

Jp  =  8.2'j  X  10“^ 


(6)  Calculate  junction  area; 
ESnitter-to-base  junction: 
Priority  1 


Area  = 


1.47^2. 


3  X  10-®Co^^V®p 


•  67\  1  . 

“ ) 


05 


=  C„_V®*®  =  corrected  emitter-to-base  capacitance 
OgB  RE  RF 

( picofarads) , 


where 


Cpg  =  anitter-to-base  capacitance  at  rated  voltage 
( picofarads) , 

Vj^  =  rated  voltage  (volts), 

rated  emitter-to-base  brea)cdown  voltage  (volts)  . 
Priority  2 

Area  =  6.34  x 

where 


where 


^MAX  ~  maximum  rated  transistor  collector  current  (amperes). 
Priority  3 

Area  =  8.75  x  (2  x  IO'^Cq 

Cn  =  =  corrected  col  lector- to-base  capacitance 

( picofarads)  , 

Cj^  =  collector-to-base  capacitance  at  rated  voltage 
( picofarads) , 


'rc 


=  rated  voltage  for  collector-to-base  capacitance  (volts). 


V„r,  =  collector-to-base  brealcdown  voltage  (volts). 


Priority  4 


Area  =  1.19  x 


where 


0 =  junction-to-case  thermal  resistance  (degrees 
Celsius/ watt) . 

Priority  5 

Area  =  2.7993^*^0 

where 
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6  =  junction-to-ambient  thermal  resistance  (degrees 

Celsius/ watt) . 

Collector-to-base  junction: 

Priority  1 

Area  =  0.047030*®^ 

Priority  2 

Area  =  2.72  x 

Priority  3 

Area  = 


Priority  4 

Area  =  1.13  x  10“2 


(2  X  10-®Co^^v0  383y. 
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Diode  junction: 

Priority  1 

Area  =  8. 1  x 

where 


where 


Imax  ~  maximum  rated  diode  currents  (eunperes)  for  Zener  diodes 

"  ^zm'^z' 

=  maximum  rated  Zener  current  (amperes), 

=  rated  Zener  voltage  (volts) . 

Priority  2 


Area  =  0.458^2  x  10~®Cq 


•83)0. 
^  ) 


83 


'Od 


'RD 


’'RD 


=  P  V®  *333 
''RD'^RD  ' 

*  diode  junction  capacitance  at  rated  voltage  (picofarads), 
«  rated  voltage  (volts) . 
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Priority  3 


Area  =  0.4896^*2^ 


where 


6  jL  “  junction-to-lead  thermal  resistance  (degrees 
Celsius/ watt) . 


Priority  4 


Area  =  1.96303^*32 

(7)  Calculate  bulk  resistance,  space  charge  resistance,  and  failure 
current  at  100  ns: 

Vk  =  ' 


'"sc  =  ' 


1.,  area 

F  100  ns  F 


(8)  Calculate  power  to  damage  for  pulse  duration  t: 


3^F  100  ns  ^ 

3  =  V  - -  +  ^ 

•D  3.162 


F  100  ns 


(''sc  +  «BLk'1  /1000tO*5  . 


3.  RESULTS 

Appendix  A  lists  a  program  used  to  implement  the  AFWL  model ,  along 
with  the  input  and  resultant  data.  The  model  predictions  are  presented 
in  figure  1  as 


Py/P  ,  for  Py  >  P  , 


where 


P/Pjj  ,  for  P  >  Pjj 


Py  =  experimental  power  to  deunage. 


P  =  corresponding  predicted  value. 
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as  a  function  of  the  percentage  confidence  level.  Tlie  percentage 
confidence  level  is  defined  as  the  percentage  of  data  points  with  a 
ratio  less  than  or  equal  to  the  given  value.  Ttie  envelope  defined  by 
the  five  priority  models  is  plotted  in  figure  2  along  with  the 
predictions  of  the  junction  capacitance  damage  model  for  comparison  and 
a  plot  of  the  scatter  in  the  experimental  data.  The  scatter  in  the 
experimental  data  is  the  ratio  of  the  power  to  damage  for  the  individual 
devices  and  the  experimentally  defined  dcunage  curve  presented  in  the 
mode  previously  indicated  for  the  AFWL  model  predictions.  The 

experimental  data  base  used  for  this  projection  includes  but  is  larger 
than  that  indicated  in  appendix  A.  Ibe  total  base  of  822  devices 
comprised  a  test  population  of  82  P-N  junction  types.  This  population 
includes  both  germanium  devices  and  specialty  devices  for  which  AFWL 
model  data  are  unavailable. 


CONFIDENCE  (%l 

Figure  1.  Percentage  confidence  level  versus  scatter  in  data  for  AFWL 
model:  0  =  priority  1,  □  =  priority  2,  7  =  priority  3,  |  = 
priority  4,  euid  -  =  priority  5. 
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to  occur  under  forward  as  under  reverse  conditions  for  circuits  driven 
to  the  failure  level,* The  uncertainty  indicated  in  figure  3  must  be 
included  in  the  uncertainty  of  the  damage  model  predictions  in 
projecting  damage  characteristics  to  forward  bias. 


Figure  3.  Histogram  of  ratio  of  experimental  power  to  damage  for 

forward  and  reverse  junction  bias  for  pulse  durations  in  0.1- 
to  lO-ys  range  for  78  percent  of  P-N  junction  types  included 
in  appendix  A. 


^Michael  J .  Vrabel ,  EMP  Assessment  for  Army  Tactical  Communications 
Systems:  Transmiss ion  Systems  Series  No,  3  Radio  Terminal  Sets  AN/TRC- 

112  and  AN/TRC-121  (U ) ,  Harry  Diamond  Laboratories  HDL-TR-1807  (May 
1977).  ( SECRET-RESTRICTED  DATA) 

^George  Gornalc  et  al ,  EMP  Assessment  for  Army  Tactical  Communications 
Systems:  Transmission  Systems  Series  No,  1  Radio  Terminal  Set  AN/TRC- 

145  (U),  Harry  Diamond  Laboratories  HDL-TR-1746  (February  1976). 

(SECRET-RESTRICTED  DATA) 
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C  OAT(l,Ni>-l:  OlOOt  junction,  O:  C-6  JUNCTION,  1:  E -B  JUNCTION 
C  DAT(2,NI^8REAKOOIIN  VOLTAGE  (VI 

C  DATia,NI>  DIODE  CAPACITANCE  (PEI,  DEFAULT  VALUE^O 
C  DAT(A,N)-C-e  CAPACITANCE,  DEFAULT  ¥ALUE-0 
C  DATIS,N)>  E-B  CAPACITANCE  (PFI,  DEFAULT  VALUE‘0 
C  DAT(G,N I^MAXIMUH  RATED  CULLECTUR  OR  DIODE  CURRENT(A) 

C  DATI7,Nl^JUNCTiai4-Ta  -CASE  THERMAL  R  ESI  ST  ANCE  C  THE  TA  JCi  tC/ki 
C  DAT(8,N l-JUNCTION-TO-AMBIENT  THERMAL  RE S  1  ST ANC EFTHE TA  JA I  (C/W) 

C  DAT(9.N)>8REAKD0UN  VOLTAGE  FOR  C-B  FOR  EMITTER  DATA 

C  DATdO.NI-EXPERIHENTAL  POMER  TO  DAMAGE  AT  O.IUS 

C  DATILl.NI-EXPERIMENTAL  POWER  TC  DAMAGE  AT  1  US 

C  DAT(12,NI=EXPER1MENTAL  POWER  TO  DAMAGE  AT  ID  US 

DIMENSION  0AT(12,G8I,  DOPEtGBI.  BVIG8),  RHQSCt68l,  RHOBLK(6Bl 
DIMENSION  FAILI(68I,  AREA(5,68I,  RBLKI5,6BI,  RSC(5,68I,  (UR(S,66I 
DIMENSION  DCS. 68).  RAT  1 0 (S .3  .C8 1 .  BIC(S),  MZrSI,  NZ(S).  SET(S| 
DIMENSION  BIS, ISO),  CiS.lSO).  MV(S),  RSULTIS,300) 

DIMENSION  DEVICEI272).  RAT(S,3,G8) 

DIMENSION  AVG(3,68).  88(200).  CC  I  200  )  ,  RSLT(<<iOO) 

NAME  LIST/ LIST A/ DAT, DEV  ICE 
READ (S.LISTA) 

WR1TE(6,1) 

1  FORMAT I20X  .IOHBREAKDOWN  ,10H  DIODE  ,10H  C-B  , 

tlOH  F-B  .lOHCDLL.  CURR.lOH  THETA  JC  ,10H  THETA  JA  , 

CIOH  BV  C-B  .lOHDAMAGE  .lOHDAMAGE  .lOHOAMAGE  ) 

WRITE(6,2) 

2  FORMATCZOX.IOH  VOLTAGE  ,|0H  CAP.  ,10H  CAP.  , 

LlOH  CAP.  .lOH  MAX.  ,30X,10H  ID.IUS)  , 

CIOH  (l.OUS)  ,10H  IIO.US)  ) 

NRITE(6,3) 

3  F0RMAT(20X,IOH  (VOLTS)  ,)0H  tPF)  ,10H  (PF)  , 

CIOH  (PF)  ,10H  (AMP)  ,10H  IC/MATT)  .lOH  (C/UATT )  , 

CIOH  (VOLTS)  ,IOH  (WATTS)  ,10H  (WATTS)  »10H  (WATTS)  ) 

WRITE(6.A) 

4  FORMAT  (2X) 

DO  201  N>1  ,6S 
M=«*(N-II«l 
MM»M«I 
MMM-MM^l 

WR IT E(6, 2001 OE V  ICE (M). DEVICE (MM) .DEVICE (MMN ), DEVICE IMMMM) , 

C(DAT (M.Nl ,M>2,12I 

200  FORMATi2X,4A4.6F10.3,3FI0.2) 

201  CONTINUE 

DO  100  N«1  ,b8 

IF(0ATI2,N).E0.0.)  GO  TO  100 

DOPE  (NI*'<4.49E«18i«0AT(2.N)«*(-l  .5) 

100  CONTINUE 

DO  101  N*l,b8 

IF(DOPECN)  .EQ.O.)  GO  TO  101 
BV(N)«^(4.07E4|2I*(OOPE(N))**(-O.b7) 

101  CONTINUE 

DO  102  N*1  .bS 

IFIDOPEINI  .EO.O.)  GO  TO  102 
RHOSC(NI>(2.48E«2SI*(OOPE(NI  iMt-l.e) 

102  CONTINUE 

DO  103  N*)  ,ba 

IFIDOPEIN)  .EO.O.)  GO  TO  103 


Aag 
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KHOBLKCN)  =  |3.blE4)0)  •(DOP( I M ) •* ( -O.Bl ) 

1C3  CONTINUE 

DQ  104  N*1.68 
lEIDATll.NI) 105(105.106 

105  EAILIIN)^(8.?6E-in  •IDOPEINI  l«*(0.8ai 
GO  TO  104 

106  FAILltNI*(3.84E-lII*(0QPE{NI I«*(0.e8| 

104  CONTINUE 

DO  107  N-1  ,68 
IFIOATIl. Nil  110,109.106 

108  AREA (l,Nl*1.47«<(2.3E-06l*0AT(5.N)«DATt2.NI ••0.67l«*1.05 
AREAC2,NMl6.34E-04  l•(0ATf6.NII••0.8^ 

AREA (3,NI- 18 .75E-03 I *1 2. E-06 *087  I  4 .N I • I  DAT  1 9 ,N 1 1 «*0 .6 3  I ••O .58 

IFIOAT(7,NI.EO.O.I  GO  TU  150 

AREA (4,NI ^ II .19E>2)*(0AT (7 ,N  I }•* I -0.94  I 

150  IFiOATItf.NI.EG.O.I  GO  TO  107 
AREA  (5,NM2.79*0AT  ie,M**|-l  .7} 

GO  TO  107 

109  IF IOATI7,NI.EO.O.I  GO  TO  151 
AREAI1,NI=0.047*IOATI7,M1«»I-0.8  9  1 

151  AREA I2,NI  =  l2.72E-03 ) «( 0 AT ( 6 ,N II ** iO .62 1 
1FI0ATI8.N).EU.0.|  GC  TO  152 

AREA  I 3,N I -3.63 •COAT (6 ,Nl I •• I -1.4 7  I 

152  AREA (4. Nl >11 .13E-02  I • 12 . E-06 *087 (4,N 1*087 1 2 ,N I • *0 .831 **0 .39 
GO  TO  107 

110  AREAll  ,NI  >I8.1E-031*CATU,NI«*1.16 

AREA(2.N|  >0.456«(2.E-O6*0AT(  3  ,NI  •  DAT  12  .M«*0  .8  3  I^^O  .8  3 
IF IDATIT.NI.EQ.O.I  GO  TO  153 
AREA(3.NI>0.4e9*0ATI7,Nl*«l-1.21  I 

153  IFIOATIS.NI.EO.O.I  GO  TO  101 

ARE A  14. Nl > 1. 963*087  1 8, Nl 32  I 

107  CONTINUE 

DO  111  N>1  .68 
00  112  N>1  .5 

IFIAREAIN.NI .EQ.O.I  GO  TO  112 
RBLK (H.NI >RHOBLK(NI/AREA(N,N  I 
RSCIH.NMRHOSC  IN  I  /  AREA  IN, N  I 
CUR{N.NI>FAILI (NI*AREA(N.N} 

112  CONTINUE 

111  CONTINUE 

DO  1 16  N>1  .68 
00  113  H>1  ,5 

DIN.N  l>IBVIN l•ICUR  CN.NI/3.162}«i ICURIN ,N l••2 1 / 10 . 1 • 

CIRSC IN.NI*RBLK(N.NI  ll/IOOO. 

113  CONTINUE 

116  CONTINUE 

00  1 17  N>1  *68 
00  118  N>1  .3 
DO  114  K>]  .5 
NH«9*N 
AN>H-1 

IFIDIK.NI  .EO.O.I  GO  TO  114 

RAT  I  OIK ,H,NI>OATINN ,NI / 1  01 K , Nl*3 1 62.«l 10 .1 **l-0 .5*AN|  I 
RATIK.M.NI-RATIOIK.M.NI 
IFIRAT10IK.N,NI.EQ.0.I  GO  TO  114 
IFIRATIOIK.M.NI.GE.I.)  GO  TO  114 
RATIOIK.N.NI >1./RAT lOlK.N.NI 

114  CONTINUE 
118  CONTINUE 

117  CONTINUE 
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WRITEte.lS) 

15  FORMAT  liX//// ) 
hRlTfl6,5» 

5  FURMAT(2X,123HRAT10  OF  EXPERIMENTAL  POWER  TO  OAMA&E  TO  PREDICTED  V 
CALUE  FOR  0.1,  1.0,  AND  10  USEC  PULSE  DURATIONS  FOR  FIVE  PRIORITr  M 
tCOELS//) 

MRITEi6,6» 

6  F0RHAT(26X,li>H  PR  TY  1  ,12h  PRTV  2  ,12H  PRTY  3  , 

tl2H  PRTY  4  ,12H  PRTY  5  /) 

DO  312  L>1  ,3 

DO  311  N^l.bS 

M«4*(N-li«l 

MMsM*l 

HMM=MM«1 

MMMM=MMH*1 

WR ITElb, 3 101  DEVICE (Ml, DEVICE CMM) , DEV  I CE CMMH I ,DE V IC E (MMMM I , 
t(RAT(K,L,N),K=l,5l 

310  FORMATI 10X.4A4,5F12  .41 

311  CONTINUE 
MRITE(b,313l 

313  FQRMAT(2X//) 

312  CONTINUE 

DO  800  N>1  ,68 
DO  801  M<1  .3 
AJ~0  . 

DO  802  K  =  1  ,5 

AVC(M,N  MRATIO  (K,M,N  l«AVC(M  ,N) 

IF(RAT|OlK,M,N).EQ.O.I  CC  TO  602 
AJ>1  .«AJ 
802  CONTINUE 

IF(AV(;iM,NI.Ea.O.>  bO  TO  801 
AVC(M,N)>AV&(M,NI/AJ 
801  CONTINUE 
800  CONTINUE 

DO  603  LL-1,200 
DO  604  N>1  .68 
DO  805  M-1 .3 

IF (AVblM.Nl.EO.O.l  00  TO  80S 

IF (AVO(M,N  I.LE .Bloc  I  00  TO  80S 

BIOO>AVO(M,NI 

MAVO^M 

NAVO *H 

805  CONTINUE 
804  CONTINUE 

NZAA>1«NZAA 

IFlSETT.EO.l.)  00  TO  606 
IFtBIOG.NE  .0.1  00  TO  806 
SETT«l. 

MVV-NZAA-1 

HAV>^MVV 

806  CONTINUE 
BB(NZAA)<BIO& 

BIC0>0. 

AVCCMA V0,NAVC}>0. 

603  CONTINUE 

DO  808  N>t.200 

BN>N>1 

ANV*MVV 

CC(NI>100.-6N*(100./AMVI 
808  CONTINUE 
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HM-0 

00  860  N-1 .HVV 
AVERAG-BB  IN)«AVERAG 
880  CONTINUE 

AVERAG^AVERAG/AHV 
DO  809  N>‘ltHVV 

RSLT (HK l-BBENl 
MH=14HK 

RSLT  IMM|xCC(N) 

809  CONT INUE 

DO  130  LL^lflSO 
DO  123  N>1  ,68 
00  126  ,3 

DO  1 20  K-1  ,5 

IFIRATI0(K,H,NI.EQ.0.I  go  to  120 

]F|RATIO|K,M,N).LE.BIGtK||  GO  TO  120 

BIG(Kl=^RATIO(K.H.NI 

HZ|K1=M 

NZIK 

120  CONTINUE 
124  CONTINUE 
123  CONTINUE 
NZA>  1«NZA 
DO  131  KK=1.5 

IFISETIKKI.EU.I.I  GO  TO  131 
IFIBIGIKKI.NE.O.I  GO  TO  131 
SET(RKI*1  . 

MV(KKJ=NZA-1 

131  CONTINUE 

DO  132  KK>1,5 

B(KK.NZAI-BIGIKK) 

eiG(KKl>0. 

132  CONTINUE 

DO  133  RK^l.S 
NZZ^NZIKKI 
N2Z>NZ  IKK  ) 

RATIOIKK.NZZ ,NZZ 1=0. 

133  CONTINUE 
130  CONTINUE 

DO  140  N*  1.1  SO 
00  13S  K<1  .5 
BN>N-1 
ANV>NV(KI 

C|K,NI>10O.-BN«tlOO./l  ANV«  .0000001  >) 
13S  CONTINUE 

140  CONTINUE 

DO  142  K>1,5 
NVV>NVIK) 

MH«0 

DO  141  N>1  ,NVV 
MN«1«NN 

RSULTIK.NNI'BIK.NI 

MN-1«NM 

RSULTIK.NN  I-CIK,NI 

141  CONTINUE 

142  CONTINUE 
NNITEIG.III 

11  F0RNAT(2X////| 

IIRITEI6.10I 
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10  F0ilMAT«2Xtl28HRATI0  EXPERIHINUL  AND  PREDICTED  POWER  TO  DAMA&E  VS 
EPERCENTAGE  CONFIDENCE  LEVEL  EUR  ALL  PULSE  DURATIONS  FOR  FIVE  PRIOR 
tITV  MODELS//  I 
DO  1A5  Kx^l.5 
M  JW=  (MVCKHl  I  »2 

WRITE  16. 146] (R5ULT (K .M I.M-1  ,MJV) 

146  F0RHATfSX.?F9.^.3X,^F9.2.3X«;»F9.2,3X,2F9.2,2X.2F9.2l 

NRITE(6,12) 

12  FQRMATI2X//) 

14S  CONTINUE 

WRITEI6.810) 

810  FQRMATC2X////I 
WR|TE(6,ein 

ail  FQRMATI2X  ,124HRATtCl  OF  EXPERIMENTAL  AND  PREDICTED  POWER  TO  DAMAGE 
LVS  PERCENTAGE  CONFIDENCE  LEVEL  FOR  AVERAGE  VALUE  CF  FIVE  PRIORITY 
LMOOELS//) 

MJV^(MAV«1 1*2 

WRIT  EI6, 146) IRSCT IM) .M^l.KJVt 

NRITE(6,8iOI 

WRITE(6,8ai)AVERAG 

881  FORMAT<15X.3IHARirHHETIC  MEAN  OF  ABOVE  DATA  >=.F9.2) 

STOP 

END 

/• 

//GO.SVSIN  DO  • 

CL  I  ST  A  0ATs0,120.0> 11.0.. OS .0,357. 120 ,140.62,20. 

1.33.0.0. 9.. OS .0.357.120.30.16.9, 

0.2 50  .0.1 6,0,. 025  .0  ,0,250,300  ,80,20. 

1,2 7, 0,0, 9,. 025, 0,0, 250, 100 ,44, 20. 

0,54,0,17,0,0.0,1000,54,160.70,30. 

1,7  ,0,0,22,0,0.1000,54,625,  112.70. 

0  .200  ,0  ,4  .3  ,0  ,  .05  ,0  .500 ,200  ,50  .46  .42. 

1,10.2,0,0,5.3  ,.05,0,500,200,160.4  8.15  , 

0,107,0,142,0.1.5  ,0,345,107,115.72,44  , 

1,7. 8. 0,0  ,53,1.5,0,345.107,590,25  5.110, 

0,45, 0,6,0,. 03, 0,500, 45, 180 ,74, 30. 

1,5, 0,0,0 ,.03,0,500,45,230,60,16, 

0.108,0,57,0,0,0,476,108 ,10,10,10. 

1,7. 4 ,0,0 .8 ,0.0, 4 76,108,53,30,18, 

0,93,0,18 ,0,. 6, 0,434 ,93. 135 ,5 3, 20. 

1.8.5,0,0*23,.6,0,434,93,110,7B,53, 

0,107,0  ,15,0,. 8  ,0,303,10  7,220  ,85,32. 

1 ,7 .3 ,0 ,0 ,31 , .8 ,0 ,303 ,107 ,400 .135  .40, 

-I, 0,0, 0,0, 1,0 ,0,0,2800.2300,2100. 

>1,0,0,0,0,0,0,0,0,4100,2700,1600. 

*1 , .64 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,6400 ,2700 , 1400, 

-1,2. 5, 0,0, 0.0, 0.0, 0,3. 4, 2, 1.1, 

-1,115,5.7,0,0  ,.075,0,0,0,420  ,80,15, 

—1 ,5.7 ,40 ,0 ,0,0 ,0 ,0 ,0,2300, 34  0,83. 

-1,154,0,0,0.0,0,0,0.3300.1350,510, 
-1,18,2320,0,0,0,0,0,0,170000.53720,1  7000, 
-1,0,0,0,0,2.0,0,0,3000,3000,3000. 
-1,4.7,0,0,0,0,0.0,0,262446,83000.26244, 

-1,6.8,0,0,0,0,0,0,0,130000  ,41079.130  0  0, 
-1,0,0,0,0,3,0,0,0,80000,25280,8000, 

-1,0, 0,0, 0,1,0 ,132,0,6700,2117,670, 

0,40, 0,1,0,. 04, 0,909, 40, 120, 16, 12. 4, 

I  ,5  .4  ,0  ,0  ,0  ,  .04  ,0  ,909  ,40  ,  8.2 , 2 .6  ,  .84, 

0  ,87,0,0  ,  0,1.5.15  ,0  ,  87,1800,1000,500, 

1.6,0  ,0  ,0.1.5,15,0.87,1300,440.230, 
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Oil  20  .0,0  ,0,6,2  .<1,0,120,7  0  00,2  3  0  0.700  , 

1  ,1  <1,0, 0,0, 6, 2  .<•,  0,120, 1  3000,  3&00 .130  0  , 
0,315.0.0  ,0,5,5.0,315,1200.370.12  0, 
1.9.1,0  .  0  ,  0  ,  5  ,  5,0  ,  3  1  5.10  000  .2  150  ,  490, 

0 ,36,0 ,6,0, .2 ,0 ,500,36, 170,50 ,14, 

1,6  .4, 0,0  ,0,.2  ,0,500  ,3b  .30,19,12, 

0,30.0,. 8  ,0,.0  3,0 ,909,30 ,47,17,6, 

1  ,3, 0,0.0  ,.03,0  ,909. 30 .22,10.4.3. 

0,40, 0,5,0,. 2, 0,500 .40. 100, 21 .4.3. 
1,S,0,0,0..2,0,500,40.‘2,31.5,20, 

0,53,0,. 58.0.. 05, 0,200, 53, 64, 20. 5. 8. 

1,7.1  .0.0 ,.6.. 05, 0,200, 5 3. 22. 10 ,4. 

0.1 23. 0.2 5,0,. 5. 0,222, 12 3. 3200, 21 00,1 4  DO, 
1,8  .8  .0,0  .  0,. 5. 0,222, 123  .  750, 340, 160, 
0.205.0,0,0.3,7.0.205,1700,1100,700, 
1,18.0,0,0,3,7,0,205,290000,30000.3100  , 
0.575.0.0,0,1,36,0,575,78,27,10. 

1,9.4.0,0  ,0,1,36,0,575,2200  .620,180, 

0,2  5.0,6,0.0,0 ,500,25,93 .17.2.8, 

1.5  .0 .0.0  ,0,0,500  ,25 ,50 .18.6.8, 
•1,536,0,0.0,12  .0 .0,0,170  000,53720,170  00, 
-1,5.1 ,26  5,0,0 ,0,0,0.0,25500,2500  ,240 , 
-1,270, 6, 0.0,. 2 ,0,0,0,2000.435,100, 
-1.36,730  .0,0,0  .0 ,0,0,100000,31600,10  000, 
-1,16,310  ,0,0,0  .0 .0,0.14  0000,14000,140  0. 
-1,505,85  .0,3,0  ,0,0,0,44.33.5,25, 
-1,3.3,350,0,0 ,0,0,0,0,153800 ,20000,2600, 
-1,725,17 ,0,0,. 4, 0,0 .0.1625 .580,500, 
-1.514,0,0,0,12 ,0,0,0,9000,1000,100, 

-1,1 580 ,0,0,0,. 35 ,0,0, 0,5700, 2000 .800, 
orvrceill >4H2N32,4H881C,4N-8}  ,4H  , 

4H2N32,4HeA(E,4H-B)  ,4H  , 

4H2N33,4H5tC-,4HB)  ,4H  , 

4H2N33,4H5lt-,4HB)  ,4H  , 

4H2N33,4H6:jA,4HNlC-,4H8 1  , 

4N2N33,4H6:JA.4HNIE-,4HB J  , 

4H2N24,4H84IC ,4H-BI  ,4H  . 

4H2N24,4H84|E,<.H-B|  ,4H  . 

4H2N37.4H36(C,4H-BI  ,4H  , 

4H2N37,4H3b (E ,4H-B)  ,4H  . 

4N2N93,4h0IC-,4NB 1  .4H  . 

4H2N93,4H0IE-,4HB I  ,4H  . 

4H2N24,4H81(C,4H-BI  .4H  , 

4H2N24,4HB1 IE ,4H-ei  ,4H  , 

4H2N29,4H07AI  .4HC-B  I  .4H  , 

4H2N29,4H07A(,4HE-BI.4H  . 

4h2N22,4h22A(  ,4HC-B  l,4H  . 


4H2N22,4H22AI 

,4HE-BI 

,4M 

4H1N43,4H84 

,4H 

,4H 

4HFS9l,4Hl-34 

,4H65 

,4H 

4HlNei ,4H6 

,4H 

.4H 

4H1N21,4HNE 

,4H 

.4H 

4H2N91,4N4A 

,4H 

,4H 

4H1N75,4H2A 

,4H 

.4M 

4HPCll,4H5 

.4M 

,4H 

4HlN30,4H2bB: 

,4HJAN 

,4H 

4H1N36,4H11 

,4M 

,4H 

4H1N39,4H95A 

,4H 

.4H 

4H1N30,4H16B 

,4H 

,4H 

4H1N41,4H41 

.4H 

,4H 

20 


APPENDIX 


4H1002»^H  »4M 

4H2N2®.4rt57tC,4H-b)  t4H 
4H2N28,Ari57|£,AH-d>  t4H 
4H2N33i4H75|C,4M-BI  i4H 
4H2N33,4H7SIE ,4H-B)  .4H 
4W2N14,4H90s4t4HANIt .4H-B7 
4H2N14,4H90lJ»4HANlt  #4H-B > 
4H2N35,4H84U.4H-6I  i4H 
4H2N35,4He4lt ,4H-B»  .4H 
4H2N28t4H94l£f 4H-B )  »4H 

4H2N28,4H94(E ,4H-B»  .4H 
4H2N5e,4H29U,4H-BI  »4H 
4H2N58,4H29|E,4H-B»  ,4H 

4H2»(30,4H13:Jt4HANIC  t4H-B7 
4H2H30,4H13s4,4HANIE ,4H-b) 
4HC*30,4H18IC,4H-6>  ,4H 
4HC*30,4H18IE.4H-B>  ,4H 

4H2N16 •4H1 3:4t4HAN 1C ,4H-B ) 
4H2Nl6,4H13:Jf4HANCE,4H-P  J 
4H2N14,4H8BS4,4HANtC ,4H-b» 
4H2Nl4,4H85:J.4HANIE,4H-bE 
4H2N34,4M39<C.4H-B»  ,4H 

4h2N34,4H39tE.4H-BI  .4H 

4H2N70,4HtiSJA,4HNIC-,4HB) 
4H2W70.4H6SJAt4HNIE-f4HB) 
4HlN25,4HeO  «4H  .4H 

4H1N75,4H1A:J»4MAH  t4H 
4HlN48,4H5BsJt4HAN  »4H 
4H1N29,4H91BS  4HJAN  »4H 
4H1N30,4H25E:,4H4AN  »4H 

4NM010f4H54  ,4H  f4H 

4HlN74,4H6A:Jt4HAN  .4H 
4Hl»164,4H5:jA,4HN  .4H 

4H1N12»4H02RA,4HS JANt4H 
4HIK17,4H31A:»4HJAN  .4H 
CENO. 

/* 

n 
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